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IN THE UNITED STATES PATENT Attn TRAPE MARK QFKj£E 

In Re Application of: Mei 
Serial No, 10/769,127 Group Art Unit: 2822 

Filed: Jan 30, 2004 Examiner Tran> Thanh 

For: Forming a Semiconductor Device 

Honorable Commissioner of Patents and Trademarks 
Washington. D.C. 20231 

DECLARATION UNDER 37 C F R 1 HI 

I Ping Mci, hereby declare that: 

1. 1 am the inventor of the subject matter recited in the claims of (he above- 
identified application 

2. Prior to July 29, 2003, 1 conceived of the idea of forming a semiconductor device 
by forming a 3-D pattern in a substrate and depositing at least one material over 
the substrate with desired characteristics of the semiconductor device. 

3. I conceived of this ,Hea while working for the Hewlett-Packard Corporation in 
Palo Alto, CA. 

4. Attached Exhibit A is a document that 1 prepared summarizing the invention 
conceived for the Hewlett-Packard Corporation. Page 3 includes a section labeled 
"Description of the construction and operation of the invention" setting forth a 
description of my invention, as described and claimed in my application. 

5. Attached Exhibit B is letter dated April 9, 2003 retaining Wendell J. Jones as 
patent counsel to prepare a patent application for the described invention. 
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Attorney Rocket: 200209576-1 

6- Attached Exhibit C is an email that was sent on November 6, 2003 including a 
first draft ot a set of claims. 

7. Attached Exhibit 1) is an e ma ,l that was sent on December 1 9, 2003 including a 
first draft of the patent application. 

8. On January 30, 2004, the present patent application describing and claiming my 
invention was filed. 

I hereby declare that nil statements made in this declaration of my own knowledge 
are true and that all statements made on information and belief are believed to be tn,e; 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United State, Code 0 „d that such wUlful fa.se statements 
may jeopardize the validity of the application or any patent issued thereon. 
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aui^i^m Nopatentptct^ is 



ilmotWemoh: 



Structure and Method for RoH-to-Roll Patterning and Aligning Multiple Layers 



Name of Project; 



PIRM 



Product NtoeorNumber: 



Was a description of me invention published* or are you planning to publish? If so, the date(s) and piibllcatlons(s): 



no 



Was a product induding the invemidn anno offers for sale, sold r or is such activity proposed? 



■r no 



f HP, or will such disclosure occur? if so, the elates) arid name(s); 



it w ot fa mg t^ Dgjw/tmenMow af 1JS fc4m 4r970>8&4m 



Wasthefhvent^^ 



no 



Was the: Invention built or tested? If so, the date: 

no 



Wea this ihvenBon made under a govern 



no 



Each additional page should 



Description of Invention: Pli&SB.pwsem^ 
besighMand^ 

k Description of the constniction and operation of the invention (include appropriate schematic, block, & timing diagrams; drawings; 

gr#is;flbw^ i ; ^t results; etc;). 

8; Adv^tegesof tte^ 
C; PrObfems : solved by the invention. 
0, Pnorsdlufansand their c 



Signature of In 


/ehtor(s) Pursuahttomy (oi 


ir) employment agreement, I (we) submit this disclosure on this dai 


te: 


October 14, 2002 












Smp!oy*eNo. 
583139 


Name 
Ping Mei 


Signature Telnet 
' "" 857*5137 


Maflstop 
1198 


Entity & Lab Nwne _ : j 
MPUIAL/STD *j 


i 


Name 


ilgriaiyre TeJnet 


Mailstop 




Employee No. 


Name 


Signature Telnet 


Maflstop 


Hmtty & Lat> Naime 


Employee Ka 


Signature telnet WaHatop 

(ttWrsthnntoiJrtovm 


En%&t^Name 



HPL invention Disclosure rev. 02/2001 



HPL INVENTION DISCLOSURE page 2 of 2 



Signature of Witness^es): 



Fattflame 




Date of Signature 



FullNamo 



Sfgi 



Dale of Signature 





inventor's Full Warns 


Street 


City! 






Zip 


Do you have a Residential P.O* Addree*? ROBox 


City 


State 


Bp 


! Greeted a* fnitiknam midm naimi etej 

1 ■ , „ ■ -■ ■ • • • ■■■■ ■■ • 




CKfcenshlp US 





; invefflm'e FtiH Name 


Streef ' 


City 




Statt 


f Zip 


Ooyoa Have a fteeloMltfPiO. Address? P;0 Box 


City 


Stafc 


r Zlj> 


Greeted mfntefmame, mmtenmriQ t -et&) 




Citizenship 





i Inventor's Full Name 

S 
t 


| Street 

















Nam© of Project: 

city' 



PiRM 



Oo you have a flealo^ntfal P.O. Address? PC Box 



City 



ZIP 



CRy 



State 



ap 



Zip 



HPt INVENTION DISC LOSU RE 



PAGE 3 OF 18 



Description of Invention: Please pmsme aff wcoftls i 



Description of the construction and operation of the Invention (Include appropriate schematic, block, & timing diagrams; drawings; 
samples; graphs; flowcharts; computer 

Rbll-to-roll patterning is one of the key technologtes to enable low cost fabrication of electronic devices on 
plastic substrates. One method employed in ^ lithography, Imprint 

lithography is typically utilized to pattern thin films on a sufei|6r#e ttmtprial with high resolution, The thin films 
patterned can be dielectrics, semiconductors, metals or organics and can be patterned as thin films or individual 
layers. Imprint lithography is particularly useful for patterning devices in a roll-to roll environment since imprint 
lithography is not as sensitive to planarity as conventional photolithography. Additionally, imprint lithography 
has a higher throughput and can handle wider substrates, 

Typically, the fabrication of an electronic device will require several patterning steps that often must be aligned 
with each other with a degree of accuracy approaching or even exceeding the minimum feature size. In 
conventional photolithography, optical alignment marks are used to guarantee alignment between successive 
patterning steps. Although, it is possible to use optical alignments in a toll-to-roll process it is not practical for 
several reasons. First, the lack of planarity of the substrate in a roll-to-roll environment causes difficulties in the 
accuracy with which optical alignments can be made due to depth of field restrictions and other optical 
aberrations. Next, the flexible substrates used in roll-to-roll processing may experience dimensional changes due 
to variations in temperature, humidity, or mechanical stress. These contractions or dilations of one patterned 
layer with respect to the next may make alignments of a large area impossible. 

In our recent pat 

described The invention involves the utilization of a stamping tool to generate three-dimensional resist 
structures whereby thin f^ molding step and 

subsequently revealed irife^ Accordingly, the aligntnents between iocces^^'^ei^gftt^- 

can te detem^ned by the accuracy with which the stamping tool has been fabricated, regardless of the dilations 
orcb&fection^ 

The ipe^dnvCT^ 
rbll patterning processes . The fce>^ 
\ dimeMionai structures On a device substrate prior to any processing steps. Subsequent processing/steps, 
; including material deposition, planarizatibn, md anisotropic etching, vvill construct a multi-level aitg;ned pattern. 

| The proposed method has the following features: 

1) It allows for a high temp^iatui^ process between the first pattetti^ material arid the second patterned 
matertal, since the propo^d tmthod does not rely on an imprint polymer structure, 

2) The p^$tosed 3^ relaxes the -constraint on t he aspect ratio of the 3- 
dimensional features. Whei*to ift a ditect uMpriWting process* the aspect rMio of the featufes isfctmted by 
the material probities of the stari^. 

3) The proposed 3-dimensiorial structures on a substrate can be made either by an imprinting process with a 
3-dimensional stamp or by any non-imprinting processes. Therefore, its use has broad applications. 
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e appropriate schematic, block, ^ timing di^granris; 



In the first step, 3-dimensional structures are forrtied on a substrate. The details of forming a 3-dimenstonal 
structure are described in thenext section- The substrate can be polyimide plastic sheet with or without 
inorganic coating on a plastic substrate. The structure showing above should be able to sustain temperate of 
least 250 C \T" 
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i 
! 

£• 

' in the next step, a stack of a metal film and organic or morganic matenaJs are deposited on the substrate If the 
deposition is highly directional, a tapered sidewail profile is required for the 3-dimensionai structured substrate, 
in order to have good step coverage For %he. stack. 

| ' 

| 

i 

I 

i 
i 

} 
t 
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t&§Mtb^mmm Examples of the penalization pbfpter^ a^e 
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In this step, the planarization polymer is thinn^ down bv a reacfivp fnn i>t^h <nu 



i 
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In this step, the first said stack k ^ mask. The etch has a 

selectivity to remove the tftifl: ^fiM-jst^k'tet-inbt the planaiization polymer or the substrate. 
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ton 



drawings; samgle^; graphs; flowcharts; computer listings; test results; ete), 




In this step, the substrate is thinned domtyanaft^^ Since this etchmg step utilises 

the plaaarizfttiou polymer m {fee Mask, a seJectivity betxveeti the plMWiatton polytmr md the 0mm& is 
required, v 
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A. 1 (Gontf <J) Ifcstfiption of tte <*nstftic«ian and[ bpemtion of the inv^on (Include appropriate schematic, Wock, S ifoitog 
diagrams;*^ 




In this step, the pknanzatton polymer is removed, This step constructs patterns for parallel bottom electrodes 
covered with an: ^ a-Si) and doped a-SL 

The subsequent processing steps complete array comprises two layers of orthogonal 

seta of spaced parallel conductors arranged with a semteoriductor layer therebetween, The two sets of 
conductors form row arid column electrodes overlaid in such a manner that each of the ro w electiodes mtersects 
each of tbe column electrodes at exactly erne place, 
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In this step, a second stack of organic or inorganic materials and a metal film are deposited. 
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In this step, the same or different planarization polymer is applied to the processing surface. 
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In this step, the plmamatidivpo^^ process. This etching process 

can be isotropic or anisotropic. 
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A. (C6i* 
dfagrams; drawings; 



c, block,* timing 




Ifrl'hfe ^m saM second stack is etched by maiusotropic reactive ton etching, with the plantation 
polymer as the etch rnaskv 
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mmy, the plaimhzati&n poiynJer iS removed. The said first stack rmy contain a metal film, a layer of intrinsic 
Si and a doped Si l?he second stack ffiay contain a layerof ratrinsic a4i, a doped $1, and a metal film. 
' Therefore, each cross over point is an anti-fuse memory switch m connection with an a-Si diode 




! 

! 
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Method for Making 3*Dimensionai Structure oti a Substrate 

There are several ways to make 3-dimensional structures on a substratein a roll-to-rbll fabricate en vironmenL 
PorexampNv^ to form 3-D polymer 

stmctums on the substmte by a ro imprinting process. The shapeof the 3-D polymer structure can be 

then transferred to the substrate by a sequence of polymer thinnirtg arid substrate etching processes, The figures 
shown befow (cross-section view) describes a detailed exarrg from the polymer to the 

substrate. 



(I) imprinting polymer on the substrate 



Polpaer 



(4) Thinmiig do wn the polymer agprn 




Substrate 



(2) Thinning do wn the polymer 



(5) Etching the substrate again 




(3) Etching the substrate 



(6) Polymer shape is transferred to thesiftstratfe. 
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Since in the above process the depth of the profile in the substrate is determined by the EJE etching process for 
the substrate, the profile made in the substrate can be imich deeper compared to the 3-dimensional polymer 
mask. In another word, the shape of the polymer structure can be amplified in the substrate. This feature 
allows for a wider process window for making the iftp^nting stan^ with a small aspect ratio. 

Alternatively, the 3-dirneriSional structure on a substrate may be formed by a molding process. For example, 
the 3-dimensional profile can be made on a metaJ or ceramic piece, A liquid compound of polyimide precursor 
will be filled into the mold, thermally cured, and released from the mold. The figure showing below illustrates 
this process. -v^v^ . • 

Other m^tSodsfe :maJ^ 

include laser ablation process aritf 
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B> Advantages of the Invention over what has teen done before {specifics as to why this approach Is better than previous soiutfonsl 

1}Jt allows For a high temperature process between the first patterned material and the second patterned material, since 
the propped meth^ 

2Fhe proposed 3-dimensional structure on a substrate relaxes the constrain on the aspect ratio of the 3-dimehsibna! 
features. Whe&as in a direct irftprttttfng process, the aspect ratio of the features is limited by the material properties of 
the stimp. \ - 

propt^d dimensional structures on a substrate can be made by either irnpfihting process with a S^mensionai 
or any non?fmprinti^ Therefore, there are less restrictions on its applications 

C Pi^&Jems solv^ by *e f nventfw ((^c^n of the exl^ng problems ^ ttls invehtlon addresses). . ~ 

Aligning multiple patterning steps with sub-mrcron resolution in a rolko^roli environment 



Photoitthogrephy alignments am perforrned optically this cannot accommodate dilations or contractions of the web 
between subsequent patterning steps. Also the accuracy of optical alignments and of the resolution of features produced 
by photolithography are limited by the flatness of the web. 

User ablation: this technique suffers from the same drawbacks as photbiitho^raphy with the additional concern that the 
thermal effects caused by ablation may damage the patterned films 

Inkjet: the largest problem with Inkjet is that the minimum f^ Also the 

process is Slow since it must be ii£nned. 

One iev^i imprint lithography: it imp%es the single layer imprint fitiogriphy .method>by providing an extremely accurate 
aUnrinnM . method^for multiple patterfiittg steps that is immune to cMbris and contractions of the web 
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Request for Quote and Engagement Letter Agreement 

RE! Hewlett-Packard (HP) Docket No.: 200209576-1 
Date: April 9, 2003 

X This is a request for a quote for the following services; 

This Is a confirmation of your quote for the flawing services: 

PREPARE 

X Application j* File with USFTO 

Response Return to HP for filing 

x Other: YOUR FINISHED PRODUCT TO HP SHOULD INCLUDE All ITEMS ON THE ENCLOSED CHECKLIST 

HP REQUIRED DATES; September 26, 2003 Date for Receipt by HP 

September 26, 2003 Date to be Filed in PTO 

HP Attorney* of Record; (to be included on th e Declaration) 
Customer Number 



TTTTF 



HP Primary Technical Contact: ALL INVENTORS SEE DISCLOSURE FOR DETAILS 
Telephone: 
HP Entity; 



ADDITIONAL TERMS OR INSTRUCTIONS: 



TOTAL PRICE: (IndudtrtR Formal Drawings) 

Total Price to Include up to a 2 fir. preliminary patentabillhy search unless otherwise Instructed by HP Attorney 

I agree to the terms of this Agreement Including the additions! terms above, pursuant to the HP Procedures for Outside 
Counsel revised November 2001 , which I have received and reviewed. This Agreement will not be binding on 
either party until signed by an authorized representative of HP. 

Attorney at your firm handling this matter: 

)ffice or Wendell J. JWies h ewiett-packard company 




i*f* By; ff, &Wyk 



Brian R. Short 

Dated: /'/ 7/'CfJ H/id/c>3> 
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Wendell J. Jones 

From: Wendell J. Jones [wjjones@hightechlawyer.net] 
Sent: Wednesday, November 05, 2003 10:32 PM 
To: Mei, Ping 

Subject: 200209576-1 First Draft of Claims 



Here is my first crack at the claims for the above-referenced HP disclosure 
related to roll-to-roll processing and aligning multiple layers. Please let 
me know what you think. 



Hi Ping, 



Wendell 
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Wendell J. Jones 

From: Wendell J. Jones [wjjones@hightechlawyer.net] 
Sent: Friday, December 1 9, 2003 1 1 : 1 7 AM 
To: ping_mei@hp.com 

Subject: First Draft of 200209576-1 patent applicatioin 



Here is a first draft of the above referenced patent application. Please 
review and provide me with comments as soon as you can. You can make 
changes to the soft copy and email them to me if you would like. Thank you. 



Hi Ping, 



Wendell 
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